Abstract Objective Many studies that have estimated the breast cancer risk attributable to family history have been based on data collected within family units. Use of this study design has likely overestimated risks for the general population. We provide population-based estimates of breast cancer risk and different tumor subtypes in relation to the degree, number, and age at diagnosis of affected relatives. Methods Cox Proportional Hazards to calculate risks (hazard ratios; 95% confidence interval) of breast cancer and tumor subtypes for women with a family history of breast cancer relative to women without a family history among a cohort of 75,189 women age C40 years of whom 1,087 were diagnosed with breast cancer from June 1, 2001-December 31, 2005 (median follow-up 3.16 years). Results Breast cancer risk was highest for women with a first-degree family history (1.54; 1.34-1.77); and did not differ substantially by the affected relative's age at diagnosis or by number of affected first-degree relatives. A second-degree family history only was not associated with a significantly increased breast cancer risk (1.15; 0.98-1.35). There was a suggestion that a positive family history was associated with risk of triple positive (Estrogen+/Progesterone+/HER2+) and HER2-overexpressing tumors. Conclusions While a family history of breast cancer in first-degree relatives is an important risk factor for breast cancer, gathering information such as the age at diagnosis of affected relatives or information on seconddegree relative history may be unnecessary in assessing personal breast cancer risk among women age C40 years.
Introduction
A family history of breast cancer has long been considered an important risk factor for breast cancer. Research indicates that women with an affected first-degree relative (mother/father/sister/brother/daughter/son) or with any affected family member diagnosed \50 years have particularly high risks [1] [2] [3] [4] [5] [6] [7] . These associations may reflect a combination of factors, including high-penetrance inherited genetic mutations in genes such as BRCA1 and BRCA2, low-penetrance inherited mutations in genes such as GSTP1, and a shared family environment [8] .
Estimates of the amount of increased breast cancer risk attributable to family history have varied by study design, population, and sample size [6] . Analyses of family-based studies, which systematically identify cases (probands) within families, may lead to inflated risk estimates since families under study may have unmeasured risk factors and/or high-risk genetic mutations [9] . Risk estimates obtained from population-based studies should be more robust and generalizable than risk estimates from familybased studies.
Population-based data from around the world has been comprehensively evaluated in a meta-analysis using data from 52 case-control and 22 cohort studies. Based on this analysis, women with a first-degree family history of breast cancer had a 2.1-fold (95% confidence interval (CI): 2.0-2.2) increased risk of breast cancer and women with a seconddegree family history had a 1.5-fold (95%CI: 1.4-1.6) increased risk compared to women with no family history of breast cancer [6] . This meta-analysis was unable to explore the risks associated with having both a first and seconddegree family history or having different numbers of affected family members of varying degrees. This meta-analysis also did not adjust for a woman's total number of relatives (affected and unaffected) or mammographic breast density.
Family history of breast cancer may be predictive of additional risk factors for breast cancer, such as breast density [10] , and may predispose women to particular types of breast cancer, specifically breast tumors not over-expressing (-) estrogen and progesterone hormone receptors (ER/PR) or over-expressing (+) the proto-oncogene HER2-neu (HER2) [11] [12] [13] [14] [15] . Studies examining the relation between family history and ER/PR status have generally found no association, but have been limited by their sample sizes [16] , and only one has evaluated the relation between family history and ER, PR, and HER2 status [15] . Identifying risk factors for molecular subtypes of breast cancer with particularity poor prognoses, HER2 over-expressing (ER-/PR-/HER2+) and basal-type (ER-/PR-/HER2-) breast cancers [17, 18] , is important since risk factor data are currently lacking.
We studied the association between a woman's family history of breast cancer and her breast cancer risk in a population-based setting. We were able to take into account precise kinship of affected relatives (i.e., mother, sister, grandmother, aunt), degree of relationship of affected relatives (i.e., first or second), total number of relatives by degree, and whether relatives were diagnosed with breast cancer before age 50.
Methods

Study subjects and setting
This study was conducted among members of Group Health, a large integrated health plan in Western Washington State. Since 1986, women aged C40 years have been invited to enroll in a breast cancer screening program, which involves automated recruitment and reminder letters for women to initiate screening mammography [19, 20] . As part of the screening program, women fill out a breast cancer risk factor questionnaire including detailed family history information. The questionnaire does not assess the maternal or paternal lineage of potentially affected aunts and grandmothers.
The questionnaire has two modes of administration: mailed and in-clinic. Women receive mailed questionnaires when they turn 40 years of age or upon enrollment in the health plan (if C40 years). Women also fill out risk factor questionnaires at each mammogram. Based on the information provided on these questionnaires, each woman receives reminders to get screening mammograms on riskbased screening intervals [19, 20] . During this study, all women C50 years, and women between 40 and 49 years who were nulliparous, had an affected first or seconddegree relative, menarche \11 years, were aged [30 years at first birth, or had a previous negative breast biopsy, received reminders for screening every 2 years. All other women \50 years were not recommended for routine screening mammography, but could still receive annual mammography. During this same time, all women C40 years with C2 affected first-degree relatives or atypical hyperplasia on a previous breast biopsy were reminded for screening annually [21, 22] .
All women aged C40 years that completed a questionnaire between 6/1/2001 and 12/31/2005, were eligible for inclusion in this study (N = 94,891). We excluded women from the analyses for the following reasons: reported ''unknown'' family history of breast cancer for all relatives (N = 10,166), family history portion of the questionnaire was not completed (N = 2,853), prior diagnosis of breast cancer (N = 4,477), adopted and did not know the family history of their biological relatives (N = 1,875), did not consent to have their data used for research (N = 187), or had a previous unilateral or bilateral mastectomy (N = 164).
All women entered the study on the date of their first completed questionnaire after June 1, 2001 and were followed until the first of the following: (1) breast cancer diagnosis (event), (2) disenrollment from Group Health (censored), (3) death (censored), or (4) end of follow-up (censored at end of study period December 31, 2005) . The Group Health Institutional Review Board approved all analyses and data collection for this study.
Breast cancer data
We identified all invasive and in situ breast cancer diagnoses in the cohort by linking records from the Western Washington Surveillance Epidemiology and End Results Reporting (SEER) registry. We used SEER data to characterize the tumors including ER and PR status, stage at diagnosis, tumor size, and lymph node involvement. HER2 over-expression status was abstracted from medical records at Group Health for a subgroup of women (44.3% of total, N = 482).
Family history definitions
Women were considered to have a positive family history of breast cancer if they reported they had a mother, sister, aunt, or grandmother diagnosed with breast cancer. Affected fathers, brothers, and daughters were not included in our definition of a positive family history and analyses due to sample size. These specific relatives were also excluded from contributing to a woman's total number of relatives, both unaffected and affected, in all analyses. Family history exposures are described in detail in Appendix A. In all analyses, women with no reported breast cancer family history were the referent group. We examined risk associated with the following exposures: (1) First-degree family history (a) alone and in combination with second-degree family history; (b) by number of relatives, and (c) by age at diagnosis of affected relatives; (2) Second-degree family history (a) alone; (b) by number of relatives, and (c) by age at diagnosis of affected relatives; and (3) Specific relative history (a) by number of specific relatives, and (b) by age of diagnosis of specific relatives. Analyses involving the number of affected sisters and aunts included only subjects with C1 sister or aunt.
Statistical analysis
We used Cox Proportional Hazards models to estimate hazard ratios (HR) and 95%CIs for the association between family history and subsequent risk of a breast cancer diagnosis [23] . We explored potential associations between family history of breast cancer and risk of having an ER+/ PR+, ER+/PR-, or ER-/PR-tumor among women with known ER and PR receptor status (N = 858); we excluded women with ER-/PR+ tumors from this analysis due to the rarity of this subtype (N = 11). We also explored the risk of having a Luminal A (ER+ and/or PR+ and HER2+), Luminal B (ER+ and/or PR+ and HER2-), HER2 overexpressing (ER-, PR-, and HER2+), or basal-type tumor (ER-, PR-, and HER2-) among women with available data for ER, PR, and HER2 status (N = 482) [24, 25] .
A list of potential confounders was determined a priori based on established breast cancer risk factors from the literature [8] . We explored potential confounding by age at baseline (quadratic), menopausal status (pre or peri-menopausal/post-menopausal), age at first birth (nulliparous/\30/ C30 years), benign breast biopsy history (yes/no), hormone therapy use (ever/never), age at menarche (\12/13/14/C15), body mass index (BMI) (kg/m 2 , continuous), breast density (almost entirely fat/scattered fibroglandular/heterogeneously dense/extremely dense) [26] , and time since last mammogram (\3/C3 years). For women with missing menopausal status information, we categorized women as post-menopausal if they were C55 years, reported prior use of hormone therapy, or reported a bilateral oophorectomy. We also explored adjustment for each woman's total number of female relatives by using covariates that represented the total number (both unaffected and affected) of first-degree, second-degree, and specific types of female relatives that each woman reported. However, adjustment for these potential confounders and family size covariates did not notably alter risk estimates, so we only present ageadjusted risk estimates.
Women whose baseline risk information was obtained from a mailed questionnaire were more likely to be younger than age 50 (53.8% vs. 29.1%) and pre/perimenopausal (48.0% vs. 29.6%) than were women whose baseline risk information was obtained from an in-clinic questionnaire. As a result, these women had substantially different crude baseline hazards for subsequent breast cancer diagnoses (202 and 523 events per 100,000 personyears, respectively). To account for these differences, all analyses were implicitly stratified by questionnaire source to allow the baseline hazards for these groups of women to differ [27] . We examined potential effect modification by questionnaire source, menopausal status, hormone therapy use and subject age (50/60/65/70/80 years) but found no statistically significant interactions.
All final models were examined for violations of the proportional hazards assumptions. No statistically significant deviations from proportional hazards were observed for standardized and non-standardized residuals on the time, log-time or rank scale. We examined pairwise comparisons to assess the difference between risk estimates across family history using Wald tests at a significance level of 0.05. All analyses were conducted in Stata SE, version 9.0 [28] .
Results
Among 75,169 women with a total of 218,424 person-years at risk, 1,087 women were diagnosed with breast cancer (Table 1) . Relative to the entire cohort, women diagnosed with breast cancer were more likely to be older, postmenopausal, current users of estrogen and progestin hormone therapy, to have heterogeneously dense breasts, and to have a history of benign breast biopsy. Women diagnosed with breast cancer were also more likely to have had a screening or negative diagnostic mammogram in the three years before study entry (69.1% vs. 65.9%). The distributions of race, BMI, age at menarche, and age at first birth did not differ by breast cancer diagnosis. In our cohort of 75,169 women with known family history, 19.5% (N = 14,675) reported having a first-degree family history and 21.4% (N = 16,073) reported having only a second-degree family history (Table 2) . Having a first-degree family history, with or without a second-degree family history, was associated with an increased breast cancer risk (HR = 1.54; 95%CI: 1.34-1.77) compared to having no family history of breast cancer after adjusting for age of study subject at study entry. Neither the number of affected first-degree relatives nor the relative's age(s) at diagnosis substantially modified this risk (P-values 0.30 and 0.47, respectively). Women with second-degree family history only did not have a significantly higher risk of breast cancer than women with no family history (HR = 1.15; 95%CI: 0.98-1.35), regardless of the number of affected second-degree relatives or their relative's age(s) at diagnosis. There was no significant difference in risk estimates when stratified by a woman's age at study entry.
Women whose mothers were diagnosed with breast cancer had a 56% higher risk of breast cancer than did women with no family history (95%CI: 1.31-1.86) (Table 3) , with no significant difference in risk by maternal age of diagnosis (P-value = 0.96). The risk associated with having two affected grandmothers was significantly higher than the risk associated with having only one affected grandmother (P-value = 0.04). Among women with[1 sister or aunt, the risk among women with one affected sister/aunt was not significantly different than the risk among those with C2 affected sisters/aunts (P-values = 0.37 and 0.91, respectively) compared to women with no affected sisters/aunts.
After adjusting for age, women with a first-degree family history had increased risks of ER+/PR+ and ER+/ PR-tumors, but not ER-/PR-tumors, compared to women with no family history (Table 4) . Women with only a second-degree family history were not at an increased risk for any of the ER/PR tumor subtypes compared to women with no family history. Women with a first-degree family history experienced higher risks of Luminal A tumors compared to women with no family history ( Table 5 ). There was also a suggestion that first-degree family history was related to risks of both Luminal B and HER2 over-expressing tumors (but not to risk of basal-type disease), though these risk estimates were within the limits of chance and are based on a small number of individuals.
Discussion
In contrast to much of the published literature [2, 3, 6, 29] , our breast cancer risk estimates associated with family history of breast cancer assessed among women C40 years are uniformly lower in magnitude. Our results suggest that detailed collection of information on affected relative's age(s) at diagnosis and in second-degree relatives is not needed for disease-free women C40. In our study, age at diagnosis of affected relatives did not significantly alter breast cancer risk and women with only a second-degree family history of breast cancer, in the absence of a firstdegree history, were not at an increased risk for breast cancer. Although previous studies [1, 2, 5-7, 29, 30] suggest breast cancer risk is greater among women with first or second-degree relatives that have a younger age at diagnosis (i.e., \50 vs. C50 years), our estimates of these same risks were not significantly different from one another. Therefore our results may have important implications for streamlining the risk assessment of women C40 years during clinical care. Our results suggest the ability to predict individuals with a high breast cancer risk would not be substantially improved by the collection of breast cancer history in second-degree relatives or the age at diagnosis of affected relatives. A simplified assessment of family history (i.e., only asking whether any mother, sister or aunt has been diagnosed with breast cancer) may adequately determine each woman's breast cancer risk attributable to family history once women have reached age 40. While detailed family history assessment may be crucial for certain diseases, our results suggest that detailed records of breast cancer history in second-degree relatives may be unnecessary, especially since the accuracy of self-reported second-degree history may be questionable [31, 32] .
Worth noting is our finding that women who reported having two affected grandmothers experienced a significantly greater breast cancer risk than did women with only one affected grandmother, regardless of the grandmothers' age(s) at diagnosis. Although we did not gather information on lineage for the relatives in our study, the higher risk associated with having two affected grandmothers suggests the presence of disease in both maternal and paternal relatives is associated with a substantially increased risk. The notably different risk experienced by women with one versus two affected grandmothers suggests that collecting family history for these particular second-degree relatives may be important, although collecting age at diagnosis in grandmothers may be unnecessary. Additionally, having two or more affected relatives C50 years was associated with a greater risk of breast cancer than having one affected relative\50 years, albeit with wide confidence intervals around these estimates. Having two or more affected aunts may also reflect having a family history on both the maternal and paternal side thereby leading to an increased risk. Ascertaining affected relatives by lineage may prove to be more meaningful for risk estimation. Our findings are consistent with the few studies that have reported no association between a first-degree family history of breast cancer and tumor subtype defined by ER/PR [16, 33] or HER2 status [34] . In contrast, our results are discordant with the previously described association between a first-degree family history of breast cancer and increased basal-type tumor risk, possibly due to differences in the age composition of our study population [15] . However, our results suggest a first-degree family history may be associated with an increased risk of Luminal A tumors similar in magnitude to that described by Yang et al. [15] . Since hormone negative and HER2 over- expressing tumors are more common among younger women [34, 35] , and among women with BRCA1 germline mutations [36] , it is possible that the age composition of our study population can explain the lack of associations between family history and hormone negative and basaltype tumors. Including only disease-free women C40 years may have excluded those women in the overall population who are most likely to be diagnosed with hormone negative and basal-type tumors, thereby attenuating our risk estimates. Additionally, limited statistical power due to small sample size for the tumor subtype analyses may have affected our risk estimates. The large number of enrollees in our study allowed us to conduct an in-depth analysis of the relation between family history and breast cancer risk among 75,169 women with 218,424 person-years at risk. Additionally, we were able to examine the association between tumor subtype and family history. Our prospective cohort study design helped eliminate the potential for recall bias that may have occurred in previous retrospective cohort or case-control studies that have examined the family history and breast cancer risk association [6] . Relative to other comparable prospective cohort studies, the age range and personal characteristics of our study subjects were also less restricted allowing our risk estimates to be generalizable to a larger group of women [2, 30, 37] . Our study was not designed to generate a risk prediction model to compare the risk of breast cancer across different risk factors, however, our results suggest that including more detailed family history in risk prediction models, such as the Gail model, may be important.
There are, however, four notable limitations to our study that may have affected our results. First, our risk estimates may be lower than those previously described because we studied only disease-free women aged C40 years; previous studies have suggested that the influence of family history on breast cancer risk may be particularly high among women \40 years [1, 7, 30, 38] . Secondly, the age-specific breast cancer rates observed in our cohort were notably higher than those estimated for the US population by SEER, but were similar to SEER's estimates for Washington State where the study took place [39] . This disparity may indicate that our results can be generalized only to regions of the US that have demographic characteristics and screening practices similar to those in Washington State. Thirdly, the proportion of women in our cohort who reported a family history of breast cancer was much higher than previously noted in the literature [40] . However, this may be due to our exclusion of women with an unknown or missing family history if they in fact had no family history of breast cancer, an increase in reporting of family history due to improved awareness of breast cancer in family members, or an increase in detection due to screening. Finally, the use of self-reported family history data may have resulted in misclassification and biased our risk estimates toward the null.
In conclusion, our results suggest that previous estimates of the association between family history and breast cancer risk have been inflated, and that, in the absence of a firstdegree history, having a second-degree family history alone is not associated with an increased risk of breast cancer among women who have not been diagnosed with breast cancer before age 40. Our study also suggests that detailed collection of family history data could be simplified among women C40 years since the age at diagnosis of family members does not appear to modify the risk of breast cancer. The lineage of affected relatives may play a role in the determination of a woman's risk of breast cancer and needs further exploration in other cohorts.
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